Introduction
Every year, a significant proportion of employees in various occupational groups (Dew et al. 2005) come to work despite illness (Hansen and Andersen 2008) . The prevalence of this problem has been reported to be 30-73 % (Hansen and Andersen 2008; Aronsson et al. 2000; Aronsson and Gustafsson 2005; Robertson et al. 2012) . In another study, about one-fifth of the employees reported health-related problems in the past 7 days (Karlsson et al. 2013) , with a majority reporting that these problems affected their ability to perform at work. Years of research have shown that employee health is affected by the work environment. Despite our increased knowledge about work environment hazards, companies still frequently struggle with poor working conditions. The consequences show up later, not only in terms of ill-health. Employees experiencing work environment problems can also be affected directly in terms of decreased ability or desire to work, resulting in production loss to the company-as a result, for example, of work-related stress (Callen et al. 2013) , poor workplace management (Wynne-Jones et al. 2011) , poor workplace culture (Wynne-Jones et al. 2011) , high job demands (Johns 2010 ) and low levels of job control (van den Berg et al. 2011; Lerner et al. 2010) .
Production loss is a measure that often combines absenteeism with presenteeism. Presenteeism can be defined as reduced performance or production at work due to an
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A recent published study (Karlsson et al. 2013) showed that production loss due to work environment-related problems exists, and that the average reduction due to this problem is higher than the reduction that is due to health-related problems. This indicates that employers have at least two potential costs due to work environment problems: immediate costs in terms of work environment-related production loss and costs due to health-related production loss, which can occur both immediately and in the future. Production loss due to health-related problems has drawn a lot of public attention. However, production loss directly attributed to work environment-related problems has rarely been investigated (Karlsson et al. 2013) .
If production loss due to problems in the work environment exists at a company, there is a potential to decrease the related costs by improving the work environment or reducing the problems perceived by the employees. Reduced production loss will most likely improve company productivity, as employees' output will improve in relation to the time they put in.
Work environment problems can be concerned with different parts of the work environment and of both physical and psychosocial characteristics. While some factors in the work environment may cause a perceived problem, others could increase or decrease the outcome of the problem. It is possible that some factors in the work environment are more significant than others as to how they affect employees' perception of problems in terms of their ability to perform. Some factors may cause production loss to a higher degree, whereas others may reduce production loss. It is important that both types of work environment factors be identified. Another question is whether these factors always reduce production loss, or whether they need to be perceived at a specific level to function in that way-that is, is it sufficient to improve only this or that specific factor, or must it be improved to a certain level in order to reduce production loss? In this study, we are particularly interested in factors related to the psychosocial work environment and how they impact the performance of employees experiencing work environment problems.
Work environment problems have previously been studied in relation to ill-health and to some extent as a determinant of health-related production loss. They have been studied to a lesser extent; however, in relation to their effect on employees' ability to perform at work. Work environment problems appear to be associated with production loss when perceived by employees as problems (Karlsson et al. 2013 ). This indicates that work environment problems affect employees' ability to perform to a significant extent and that employers have a lot to gain if they can reduce work environment problems, potentially ensuring less production loss and fewer health-related problems immediately and in the future. The reasons why perceived work environment problems affect employees' ability to perform and what the factors are that do affect their ability to perform at work remain unexplored. This study adds to existing knowledge by investigating what psychosocial work factors are related to work environmentrelated production loss. To further add to this knowledge, different levels of psychosocial work factors are investigated in order to determine whether some levels correlate with more or less work environment-related production loss.
Aim
The overall aim of this explorative study was to investigate the relationship between factors in the psychosocial work environment and work environment-related production loss. More specifically, the aim was to answer these two research questions:
1. What psychosocial work factors are associated with work environment-related production loss? 2. What level of those psychosocial work factors is associated with the work environment-related production loss?
Methods
A multilevel intervention was performed between 2007 and 2011 at a Swedish University. The intervention used, which was based on the AHA method (Bergström et al. 2008) , incorporates both an individual and a group level perspective. The method is based on three main steps: screening, feedback and intervention and uses evidence-based methods to improve psychosocial work conditions, reduce workrelated ill-health and improve company productivity. An extensive description of the main study is reported elsewhere (Bergström et al. 2008; Bergström et al. 2004; Roos et al. 2005) .
A modified version of AHA was adapted to this setting and had a special focus on the psychosocial work environment. The screening, which was distributed to all employees, was conducted every second year starting in 2007, by means of a validated questionnaire. The last screening, performed in 2011, also included questions related to employee health and production loss. The results were fed back on both the organizational and the individual level.
Results from the screening were fed back to the groups with the aim of discussing the results and creating action plans for areas in need of improvement and for areas that were satisfactory and that should be maintained.
Ethical approval
The study was approved by the Ethical Committee of Karolinska Institutet (AHA; Dnr 00-012 and Dnr 2010/1516-32).
Material and data collection
This cross-sectional study includes all employees who had been employed at the university at least part-time and for at least 6 months and who answered the questionnaire in 2011. The invitation was distributed to all study participants by e-mail and was followed up with two reminders. The responses were anonymous to employers and were forwarded to the research team. Participation was encouraged but voluntary, and a written informed consent was obtained from the employees.
All participants were asked if they had experienced work environment-related problems the past 7 days. Work environment-related problems were defined as any physical, psychological or social problems that might arise in the work environment. Only those that answered yes were asked to answer a following question about production loss related to problem. Those answering yes were included in the further analyses. A total of 3,515 employees responded to the work environment survey in year 2011 (68 % response rate). A comparison of participants and non-participants revealed certain differences: Both the proportion of women was smaller (59 vs. 66 %; p < 0.001), and the proportion of researchers was smaller (58 vs. 73 %; p < 0.001) among the participants than among the non-participants. Of those, 739 employees reported that they had experienced work environment problems the past 7 days. More than half of these also reported health-related problems in the same period. The population in this study consists of the employees who had only reported work environment problems in the past 7 days (n = 307). The decision to define the study population in this way was based upon a previous study showing that employees experiencing both types of problems are a special group that needs to be studied independently (Karlsson et al. 2013 ). This group reported higher levels of production loss than did the group that only experienced work environment-related problems. The previous study also showed that in the group with a combination of problems, production loss was to some extent associated with a different set of factors than in the group with only one problem.
Measurements
Work environment-related production loss was collected using the question: During the past 7 days, how much did your work environment-related problems affect your performance while you were working? Think about days you were limited in the amount or kind of work you could do, days you accomplished less than you would like or days you could not do your work as carefully as usual. If work environment-related problems affected your work only a little, choose a low number. Choose a high number if work environment-related problems affected your work a great deal. The scale ranged from 0 to 10 where 0 = Work environment problems had no effect on my work and 10 = Work environment problems completely prevented me from working. This scale was converted from 0-10 to 0-100 to capture the percentage loss of work time. The question has shown to be valid (Karlsson et al. 2013) .
The psychosocial work factors included are fair and empowering leadership, social climate and innovative climate, control of work pacing, control of decisions, quantitative demands, decision demands, social support from colleagues and from one's manager, role clarity, work-life balance, work-related challenges, feedback, goal clarity and inequality. These were measured using the validated QPS Nordic questionnaire . The validated scale developing leadership (Larsson 2003 ) and co-workership (Tengblad 2010) were also included. The responses were scored using a 5-point Likert scale with response categories ranging from, for example, "very seldom or never" to "very often or always." Items in each of the indices were summed up and standardized to generate a total score ranging from 1 to 5. A high score is favorable in all of the indices except inequality. In that case, a lower score indicates less inequality, which is considered better.
Statistical analyses
In order to answer the research questions, the analysis was performed in several steps and used an explorative approach. In the first step, the correlations between work environment-related production loss and psychosocial work factors were tested for using Spearman's rank correlation coefficient. That test was chosen due to the scale of the variables in the test, where the independent variables are ordinal numeric, and the dependent variable is continuous. Nonsignificant variables (p value >0.20) were excluded from further analysis.
To identify the psychosocial work factors of importance for work environment-related production loss, a stepwise logistic regression was used. This type of regression was chosen as the linear relationship between the dependent and the independent variables was weak, and we were unable to identify an acceptable non-linear model. The dependent variable was categorized in different levels; ≥30, ≥40, ≥50, ≥60, and stepwise regression analyses were performed for each level. These levels were chosen from the distribution of the production loss levels among the study population; that is, few employees had scored less than 30 or higher than 60 on the scale. In this step, the independent factors were used as continuous variables. The analyses were performed using both a forward and backward approach to confirm the final model. A variable was entered into the model if the probability of its score statistic was <0.05 and was removed if the probability was >0.10. The final results of the stepwise procedure were then included in a modified Poisson regression (Zou 2004) to identify the risk ratio (RR) of each psychosocial work factor. A 95 % confidence interval was chosen as inclusion criteria. This was done because risk ratios are easier to interpret than are odds ratios, which are presented in the logistic regression. In a final step, we also tested alternative models and compared the AIC values (Akaike's Information Criterion).
In order to answer the second research question, the independent variables identified in the previous step described above were categorized into quartiles. This was done to determine whether different levels of the independent variables were related to increased or decreased levels of production loss. The highest quartile for each variable was chosen as the reference category, that is, those perceiving the work environment factors to be very good. A modified Poisson regression was then performed to identify levels that increased or decreased production loss. The same procedure was performed for each level of production loss (≥30, ≥40, ≥50, ≥60). All the analyses were performed with SPSS version 22.
Results
Three hundred and seven employees reported that they had work environment problems only. A majority of this group was employed as researchers, was female, and had been working for more than 2 years at the workplace (Table 1) . This group does not significantly differ from the total population except in that it has a higher proportion of women (72 vs. 66 %). Eighty-nine percent of the employees reported that the perceived work environment problems affected their performance at work-that is, caused work environment-related production loss.
Psychosocial work factors associated with production loss Five individuals had internal missing on production loss and were excluded from the analyses. Of the described psychosocial work factors, a total of seven factors were associated with different levels of the work environmentrelated production loss ( Table 2 ). The estimates shown in Table 2 are adjusted for all other presented variables. To facilitate the presentation, results are only given for levels ≥30 and ≥60. Levels ≥40 and ≥50 showed equal patterns as level ≥60, that is, the same variables were associated with these levels as with ≥60 and with similar RR. Fair leadership and role clarity were factors that were included as associated factors in most levels of production loss. Employees experiencing higher levels of fair leadership have a decreased risk of perceiving production loss. Also, for each level of production loss employees who perceive themselves to have more role clarity have a decreased risk of experiencing production loss. Perceiving inequality at the workplace was associated with an increased risk of production loss. A good social climate was associated with decreased levels of production loss (RR 0.866) at the lower levels of production loss (≥30). High decision demands were associated with an increased risk of production loss at the lower levels of production loss (≥30, ≥40). Work control was also associated with production loss. Experiencing high control of decision was associated with a decreased level of production loss. However, this association was only found for the lowest level of production loss. High control of work pacing showed a similar pattern but with an increased risk of production loss.
Levels of psychosocial work factors and production loss
The different levels of psychosocial work factors and how they are related to production loss are presented in Table 3 . The table presents both the unadjusted RR-that is, the single factors' association with the work environment-related production loss-and the adjusted RR-that is, the independent contribution of each factor when the other factors in the model were controlled for.
The result shows that the RR is significantly higher for the worst level of work environment factors compared to the RR for those who perceived their work environment to be very good. Perceiving the work environment as something in between, neither extremely good nor extremely bad, was not significantly associated with an increased risk of production loss, except for decision demands and perceived workplace equality. These two factors were associated with an increased risk of production loss, even for the third quartile for the different levels of production loss.
Discussion
The aim of this study was to investigate the relationship between factors in the psychosocial work environment and work environment-related production loss. We were particularly interested in identifying the psychosocial work factors that were associated with work environment-related production loss and establishing the levels at which these psychosocial work factors were associated with the production loss.
Psychosocial work factors impacting on work environment-related production loss Role clarity was associated with all investigated levels of production loss (≥30, ≥40, ≥50, ≥60). Fair leadership and equality was associated with almost all levels and seem to be more important than the other factors included in the model. A fair leader and good role clarity seem to reduce the level of production loss. Previous literature referred to workplace resources that could help people manage specific work situations. High job control, for example, has (13) 41 (13) 30-39 1,096 (31) 98 (32) 40-49 796 (23) 71 (23) 50-59 710 (20) 65 (21) 60+ 450 (13) 32 (11) Years at current workplace [n (%)] 0.380 b <1 year 270 (8) 22 (7) 1-2 years 709 (20) 68 (22) 3-5 years 954 (27) 85 (28) 6-10 years 582 (17) 53 (17) >10 years 1,000 (28) 79 ( been seen as a resource to handle high job demands (Bakker and Demerouti 2007) . In this study, a perception of fair leadership and high role clarity seem to act as workplace resources that help workers who experience work environment problems to manage the impact of these problems on their performance at work. In another study, it was hypothesized that job control would reduce the perception of job demands, and that supervisor support would result in fewer job demands (Luchman and González-Morales 2013) . This explanation would also be valid in terms of the results of this study. Workers who perceive fair leadership and role clarity are less affected by their work environment problems and do not perceive them to be as onerous as do others who lack these resources (Berg et al. 2011 ).
Perceiving equality is associated with a decrease in production loss at several levels. A previous study showed that workplaces with gender equality had lower levels of psychological distress among the employees than did gender unequal workplaces (Elwér et al. 2013 ). The pattern is the same as that shown in this study; that is, equality in the workplace is associated with fewer negative consequences. However, as we have no information about the cause of the work environment problem, it is possible that inequality is the cause of the problem, and that equality is a factor that minimizes the outcome of the problem. Besides the factors previously mentioned, social climate, job demands and job control were factors that were found to be important in this study. Job control has also been shown to be important for reducing production loss among workers with reduced work ability (Berg et al. 2011) . However, the factors identified in this study were only significant for the lower levels, indicating that they might act as so-called buffering factors, i.e., reduce the level of production loss at lower levels of production loss. Several of these factors have been found to be important for the level of health-related production loss as well (Lack 2011) .
The knowledge about what psychosocial work factors are associated with production loss as well as how different psychosocial work factors impact production loss can be key in the identification of the causes of production loss and the design of interventions to improve the psychosocial work environment. With this in mind, these interventions will not only reduce employee ill-health and the corresponding health-related production loss, but also reduce immediate production loss caused by work environmentrelated problems.
Level of psychosocial work factors and production loss
Perceiving the supervisor as unfair in most aspects (level 1-2 on the Likert scale) was related to an increased risk (unadjusted) of production loss compared to perceiving a supervisor as fair in most aspects (level 4-5 on the Likert scale). With regard to role clarity, perceiving role clarity as poor (level 1-3 on the Likert scale) is associated with an increased risk of production loss compared to perceiving role clarity as very good (level 4.35-5 on the Likert scale). The results of this study indicated that never (Likert scale level 1) or seldom (Likert scale level 2), and in some cases sometimes (Likert scale level 3), perceiving fair leadership, role clarity, equality, reasonable decision demands and a good social climate increase the risk of production loss due to work environment problems compared to when these benefits are perceived very often/always or most of the time. This could be interpreted as independent of the work environment problem; these factors might act as buffering factors and could therefore limit the consequences of the problem. This is suggested to be investigated in future studies. The results for work pacing were unstable and contradictory and should be interpreted with caution.
Methodological considerations
An explorative approach was used in this study to identify psychosocial work factors of relevance for work environment-related production loss. The included factors were limited to psychosocial work factors and did not capture other aspects of the work environment that could be of relevance for work environment-related production loss. One limitation of the study is that no information on the nature of the work environment problem was gathered. This means that the described psychosocial factors could both be part of the problem itself (for instance conflicting roles at work) or modify an independent work environment problem. For instance, a fair and supportive leader could make it possible to maintain production despite different upcoming work environment problems.
Using an explorative approach could affect our ability to generalize the results, as the results could be specific for this particular study population. Several regression analyses were performed, such as stepwise backward and forward logistic regression, combined with the statistical measure Akaike (AIC) obtained from a modified Poisson regression to ensure that the final models were not only identified by chance. However, a replication of the study needs to be done on another population to evaluate whether the identified psychosocial work factors are valid and generalizable. Whether the identified associations are similar, or vary, across subgroups such as occupational category, age, gender, etc., also needs to be investigated.
Another possible limitation of this study is that it included a subsample of the total population. First of all, only 68 % of the employees invited chose to respond to the questionnaire-which could affect the generalizability of the results. The reason for the non-participation of the other employees is unknown. A significance test on the groups showed some differences with regard to the proportion of women as well as the proportion of researchers answering the questionnaire. A significance test was performed on this group and on the total sample to test for differences in several background data. The two groups did not significantly differ except that the proportion of women was higher in the group reporting work environment-related problems only. It is possible that employees among the non-participants also perceived work environment-related problems, and that the lack of this information affects the generalizability of the results. This study is cross-sectional and consists of selfreported data. The cross-sectional design limits our ability to draw any conclusion about causality. The research questions in this study, which involved investigation of the relationship between psychosocial work factors and production loss using a self-rated measure, require a cross-sectional study design inasmuch as performance and production loss are highly variable entities and are affected by present health and work status. Thus, it is essential to capture present work situation, that is, the perception of the work environment and production loss at the same time point. It is possible that the consequences of a perceived problem will change over time depending on how the person is affected by this problem and that other, or additional, factors in the psychosocial work environment will be found important in a longitudinal study.
It may also be that some part of the associations among the constructs is affected by common method variance. However, since all our measurements were gathered by means of self-report questionnaires, this variance should reasonably be equally distributed among the variablesthat is, common method variance may have influenced the strength of the associations, but not the relative impact of the independent variables when compared to one another. Furthermore, there are some indications that the influence of common method variance may be overestimatedfor instance, many examples exist in both our material and elsewhere that there are necessarily no associations between variables just because they are measured by selfreport instruments in a cross-sectional design (Spector 2006) .
Employees' attitudes toward their job-such as job motivation, job satisfaction and organizational commitmentcould be other factors that might affect the levels of production loss. Employees who are highly motivated in their job could, for example, be less affected by the perceived work environment problem and therefore have lower levels of production loss. It is suggested that future studies also include this when evaluating factors that might affect the level of production loss among employees.
Conclusion and future research
This study evaluates the impact of different psychosocial work factors on work environment-related production loss among employees perceiving work environment problems. Several psychosocial work factors are identified as factors associated with a reduced risk of production loss among the employees despite the nature of the work environment problem. The results of this study also indicate that never or seldom experiencing fair leadership, role clarity, equality, decision demands and a good social climate is associated with an increased risk of production loss due to work environment problems compared to experiencing these circumstances very often/always or most of the time. It is suggested that future research replicates this study in other working populations to test the transferability of the results.
